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Foreword—These guidelines describe:

a. A set of definitions and terminology to allow interchange of information on a common basis.  (Section
3)

b. The manner in which elastomeric materials and components undergo changes due to stresses and/or
strains in a fatigue environment that ultimately culminate in failure.  (Sections 4 and 5)

c. Factors to be considered in selecting from available test methods or in developing a test method to
meet specific requirements.  (Sections 6 through 10)

d. Important considerations in the evaluation and reporting of test information.  (Section 11)

1. Scope—The purpose of this SAE Recommended Practice is to review factors that influence the behavior of
elastomers under conditions of dynamic stress and to provide guidance concerning laboratory procedures for
determining the fatigue characteristics of elastomeric materials and fabricated elastomeric components.

2. References

2.1 Applicable Publications—The following publications form a part of this specification to the extent specified
herein.  Unless otherwise indicated, the latest issue of SAE publications shall apply.

2.1.1 SAE PUBLICATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J1085—Test for Dynamic Properties of Elastomeric Isolators
SAE J1883—Elastomeric Bushing “TRAC” Application Code
SAE Fatigue Design Handbook, Third Edition, 1997

2.1.2 ASTM PUBLICATIONS—Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM D 429-81—Test Methods for Rubber Property—Adhesion to Rigid Substrates
ASTM D 430-95—Test Methods for Rubber Deterioration—Dynamic Fatigue
ASTM D 623-93—Test Methods for Rubber Property—Heat Generation and Flexing Fatigue in

Compression
ASTM D 813-95—Test Method for Rubber Deterioration—Crack Growth
ASTM D 1052-85—Test Method for Measuring Rubber Deterioration—Cut Growth Using Ross Flexing

Apparatus
ASTM D 1149-91—Test Method for Rubber Deterioration—Surface Ozone Cracking in a Chamber
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2.1.3 OTHER PUBLICATIONS

1. P. W. Allen, P. B. Lindley, and A. R. Payne, "Use of Rubber in Engineering," London:  Maclaren and
Sons, Ltd., 1967, pp. 60-71.

2. Anonymous, "Fatigue Failure and Its Reduction in Natural Rubber."  Akron:  Monsanto Technical
Bulletin O/RC-7.

3.  Anonymous, "Fatigue to Failure Tester."  Akron:  Monsanto Literature with attachments.
4. A. B. Davey and A. R. Payne, "Rubber in Engineering Practice."  New York:  Palmerton Publishers,

1964.
5. McPherson and Klemin, "Engineering Uses of Rubber." New York: Rheinhold, 1956. pp. 132-134, 139,

165-167, 170.
6. A. R. Payne and J. R. Scott, "Engineering Design with Rubber," New York Interscience Publishers,

Inc., 1960, pp. 104-106.
7. J. R. Scott, "Physical Testing of Rubber," New York:  Palmerton Publishing Co. 1965 pp. 129-113.
8. SAE Fatigue Design Handbook, Vol. 4, 1968.
9. Charles R. Hicks, "Fundamental Concepts in the Design of Experiments," New York:  Holt, Rinehart

and Winston, 1964.
10. Bernard Ostle, "Statistics in Research," Iowa State University Press, 1964.
11. United States Department of Commerce, "Experimental Statistics," Washington, D.C.:  U.S.

Government Printing Office (1963).
12. "ASTM Rubber Products, Industrial Specifications and Related Test Methods; Carbon Black; Gaskets;

Tires." Annual Book of ASTM Standards, Part 37, 1976.
13. "Webster's New Collegiate Dictionary," Springfield:  G & C Merriam Co.
14. "Handbook of Molded and Extruded Rubber,"  Akron:  The Goodyear Tire and Rubber Co., Third

Edition, 1969.
15. "Properties and Selection of Metals," ASM Metals Handbook, Volume 1.

2.2 Related Publications—The following publications are provided for information purposes only and are not a
required part of this document.

2.2.1 SAE PUBLICATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J200—Classification System for Rubber Materials
SAE TRACK CODE

2.2.2 ASTM PUBLICATIONS—Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM D 1349—Standard Test Temperature for Rubber and Rubberlike Materials
ASTM D 1566—Terms Relating to Rubber and Rubberlike Materials
ASTM F 4—Standard Method of Verification of Testing Machines
ASTM E 74—Standard Methods of Verification of Calibration Devices for Verifying Testing Machines
"ASTM General Test Methods," Annual Book of ASTM Standards, Part 41, 1976.

2.2.3 ASME PUBLICATION—Available from ASME, 345 East 47 Street, New York, NY 10017-2330.

Yost, "Fatigue Characteristics of Rubber," ASME Transactions, Vol. 65, pp. 881-888.

2.2.4 OTHER PUBLICATIONS

T. A. Knurek and R. P. Salisbury, "Carbon Black Effect on Engine Mount Compounds."  Rubber World
(August 1964), pp. 45-57.

G. J. Lake, "Corrosive Aspects of Fatigue," Rubber Age (August 1972).  pp. 30-42.
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3. Definitions—The following terms and definitions are applicable to this document:

3.1 Aging—The irreversible change of material properties after exposure to an environment for an interval of time.
(See 2.1.3 [12].)

3.2 Ambient Temperature—The temperature of the environment surrounding the test specimen.  (SAE J1085)

3.3 Bushing—A cylindrical bearing or guide.  (See 2.1.3 [15].)

3.4 Compound—An intimate admixture of a polymer with all the materials necessary for the finished article.
(See 2.1.3 [12].)

3.5 Compression—Reduction of dimension from an external force.

3.6 Creep—The time-dependent part of a strain resulting from stress.  (See 2.1.3 [12].)

3.7 Damping—Decreasing the amplitude of vibrations in the motion of a body subject to influences which cause
vibration.

3.8 Elastomer—Macromolecular material that returns rapidly to approximately the initial dimensions and shape
after substantial deformation by a weak stress and release of the stress.  (See 2.1.3 [12].)

3.9 Elongation—Extension produced by a tensile stress.  (See 2.1.3 [12].)

3.10 Equilibrium Temperature—Stable temperature at which heat loss equals heat input.

3.11 Failure—When a material or component ceases to fulfill the design specified responses essential to the
successful operation as a sub unit of a system.  A rubber part may fail from tearing, cracking, rupture,
hardening, softening, heat or chemical degradation, creep, set, or a combination thereof.

3.12 Fatigue—The process of progressive localized permanent structural changes occurring in a material or
component subject to conditions which produce fluctuating stresses and strains at some point or points and
which may culminate in loss of load bearing ability, cracks or complete fracture after a sufficient number of
fluctuations.  (See 2.1.1 SAE Fatigue Design Handbook.)

3.13 Fatigue Life—The number of cycles of stress or strain of a specified character that a given specimen sustains
before failure of a specified nature occurs.  (See 2.1.1 SAE Fatigue Design Handbook.)

3.14 Frequency—The number of complete cycles, whole periods, of forced vibrations per unit of time caused and
maintained by a periodic excitation, usually sinusoidal.  (SAE J1085)

3.15 Friction—The resistance to relative motion between two bodies in contact.  (See 2.1.3 [13].)

3.16 Hysteresis—The percent energy lost per deformation cycle.  (See 2.1.3 [14].)

3.17 Maximum Stress - Smax—The stress having the highest algebraic value in the stress cycle, tensile stress
being considered positive, and compressive stress negative.  In this definition, the nominal stress is used most
commonly.  (See 2.1.1 SAE Fatigue Design Handbook.)

3.18 Mean Stress (or Steady Component of Stress) - Sm—The algebraic average of the maximum and minimum
stresses in one cycle, that is, (Smax + Smin)/2.

3.19 Minimum Stress - Smin—The stress having the lowest algebraic value in the cycle, tensile stress being
considered positive and compressive stress negative.  (See 2.1.1 SAE Fatigue Design Handbook.)
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3.20 Modulus of Elasticity—Ratio of stress to the strain produced by that stress E = Stress/Strain property of
material.  (See 2.1.3 [14].)

3.21 Nominal Stress - S—The stress at a point calculated on the net cross-section by simple elastic theory, without
taking into account the effect on the stress produced by geometric discontinuities such as holes, grooves,
fillets, etc.  (See 2.1.1 SAE Fatigue Design Handbook.)

3.22 Ozone - O3—An allotropic form of oxygen.  It is a gas with a characteristic odor and is a powerful oxidizing
agent.

3.23 Permanent Set—The residual deformation of a specimen or component after removal of the external load.

3.24 Pinching—A phenomena where a fold is formed by deflection of the elastomeric component which causes a
high stress concentrated at the surface of the elastomer, causing the elastomer to tear.  Reshaping the section
to eliminate the pinch condition will typically yield significant gains in fatigue life.

3.25 Polymer—A macromolecular material formed by the chemical combination of monomers having either the
same or different chemical composition.  (See 2.1.3 [12].)

3.26 Preload—An external static load producing a strain in a test specimen.  Preload is imposed prior to forced
vibration testing.  Preload is usually expressed in force units instead of deflection units.  (SAE J1085)

3.27 Resilience—The ratio of energy output to energy input in a rapid (or instantaneous) full recovery of a
deformed specimen.  (See 2.1.3 [12].)

3.28 Resonant Frequency—The frequency at which maximum amplitude occurs for a given input force in a forced
vibration system.

3.29 S-Nf Diagram—A plot of stress against the number of cycles to failure.  The stress can be Smax, Smin or Sa.
The diagram indicates the S-Nf relationship and a specified probability of survival.  For Nf a log scale is almost
always used.  For Sa a log scale is used most often but a linear scale is sometimes used.  (See 2.1.1 SAE
Fatigue Design Handbook.)

3.30 Shear—Force which causes two contiguous parts of the same body to slide relative to each other in a direction
parallel to their plane of contact.  (See 2.1.3 [13].)

3.31 Silentbloc—A type of bushing consisting of a thin wall, elastomeric cylinder compressed between concentric
metal sleeves.

3.32 Specimen Temperature—The temperature obtained by placing or locating a temperature sensing device in or
on the specimen.  In most cases, temperature gradients that develop within flexing rubber specimens make it
necessary to define the precise points and techniques used to measure temperature.

3.33 Spring Rate—Ratio of force to the deflection produced by that force.  Spring rate = Force/Deflection  property
of the particular elastic body under consideration.  (See 2.1.3 [14].)

3.34 Strain—Change (in length) per unit length in a linear dimension of a part or specimen.  (See 2.1.3 [15].)

3.35 Stress (Uniaxial)—Load on a specimen divided by the area through which it acts.

3.36 Stress Amplitude (or Variable Component of Stress) - Sa—One-half the range of stress, that is  Sa = S/2 =
1/2(Smax – Smin).

3.37 Stress Relaxation—The decrease in stress after a given time at a constant strain.
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3.38 Tension—Increase in dimension from an external force.

3.39 Torsion—A twisting action resulting in shear stresses and strains.

4. Elastomeric Characteristics—An elastomer is a material that exhibits both viscoelastic and temperature
dependent behavior.  Viscoelastic materials exhibit both displacement (elastic) and time (viscous)
dependencies.  The elastic property of the material relates stress versus strain behavior.  Because of the
viscoelastic characteristics exhibited by elastomers, the dynamic response and mechanical behavior are
dependent upon stress or strain history, rate of loading, frequency, and amplitude of strain.

The viscous property of the material causes internal energy loss, or hysteresis (damping).  The lost energy is
converted into heat and since elastomers are poor heat conductors, this can result in a considerable
temperature rise, which affects the previously discussed material properties.  In liquid-filled rubber components
(e.g., hydraulic engine mounts) heat is generated due to the fluid pumping action as well.

In addition to being viscoelastic and temperature dependent, elastomers have a lower elastic modulus and
lower strength than most metals and plastics.  Although softer and weaker than structural metals and plastics,
elastomers are like these materials from an energy per unit volume standpoint.  For elastomers, metals, and
plastics, loaded in tension, a power form of a fatigue correlation exists:

(Eq. 1)

  where:  

Nf = cycles to failure
W = energy input (~ 1/2 stress x strain)
 b and C = constants for specific materials

The application of this fatigue law to elastomers is discussed in Appendix A.  Normally, however, conventional
design practice avoids loading rubber components in tension.  Also, the above relationship is valid only if the
frequency of applied loading does not create significant heat in the material, which could generate an elevated
temperature condition and result in adversely affecting the fatigue constant of the material. References 2.1.3
[1], [4], [5], [6], and [7] listed in Section 2.1.3 of this document, provide comprehensive information on general
elastomeric behavior.

5. Failure Criteria—Since elastomeric components often exhibit more than one failure mode, failure should be
defined in such a manner that it can be accurately detected in order to precisely determine the time of its
occurrence.  

5.1 Commonly Used Failure Criteria:

a. Complete rupture of the specimen, i.e., total separation in tensile specimens, bond failure, or metal-to-
metal contact between opposing mounting surfaces in bushings or compression specimens.

b. Time or cycles until appearance of visible cracks of a specified size, or growth of a crack or partial
rupture to a specified point.  For cracks which initiate from internal stress concentrations, the part is
sectioned to reveal crack formation prior to propagation to the surface.

c. A specified level of change in physical properties such as hardness, (Shore Durometer A, International
Rubber Hardness degrees (IRHD), etc.), static spring rate (Ks), dynamic spring rate (Kd), or damping
(Cd, Loss Angle, etc.)

d. A specified change in static deflection due to creep, set, or abrasive wear.
e. Failure to function as intended.
f. Fluid leakage from a fluid-filled component.
g. Component noise changes.
h. Change of state (embrittlement or reversion).

NfW
b C=
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